Abstract
When an electron beam crosses the energized gap of is about 2 mm-fwhm. The peak energy of the injector is an accelerator cell, the energy increases. However, the estimated to be 2.5 MeV. beam with the associated electromagnetic wave also loses Beam energy at the electron to x-ray converter target a small amount of energy because of the increased (eq. 1) is proportionate to the voltage of the injector and impedance seen across each gap. The phenomenon is accelerator, minus the voltage lost as beam loading [3] . sometimes called beam loading. It can also be described This report focuses on a technique to compensate for This equation has been greatly simplified by the right choice of cell and pulse-power system eliminating the distributed nature of the acceleration impedance, the injector variations can be greatly reduced process; nonetheless it represents the concept. The first by cancellation, but not totally eliminated, two terms includes the gap voltage generated by the Marx and Blumlein, along with their interactions with the timeThe FXR injector voltage is estimated to be 2.5 MV-isolation and power feed coaxial lines, and the cell peak. The variation is estimated to be about 3.0%-rms for features. The injector voltage has added complexity an interval of 60 ns. A simplified mathematical because of the reflections in the cathode and anode stalks. explanation of voltage compensation is given, and an The accelerator term denoting the unloaded cell voltage is idealized injector profile is used to quantify the not a part of this discussion. effectiveness in a computer simulation. The result calls for a constant cell and pulse-power system impedance of The third term is derived from the beam-induced gap 12.1 Q. For this impedance, the compensated injector voltage that launches an electromagnetic (EM) wave into voltage-variation is less than 0.1 %-rms. the cell and pulse-power system. Figure 1 . The inferred injector voltage shows a large impedance in the gap, cell and pusle-power system, the drop of 11% for a 60 ns interval.
induced voltage for a cell is
The variation is 73 kV-rms, or 3.0%-rms for the 60 ns Vinduced-cell (t) = Ibeam (t) * Zcell (5) interval. If we scale this variation by the energy at the target of 17.5 MV, the variation is 0.43%-rms. The The objective is to balance the change in the injector with estimated injector characteristics are shown in Table 1 . the opposite change in the gap. Focusing on just the injector and gap voltage, the difference between the injector and induced voltages, applying equation (5), for n cells is
Vinjector-induced (t) = Vinjector (t) -Ibeam (t) * Zcell * n (6) Substituting for the current from equation (1), we get Vinjector-induced (t) = Vinjector (t) -k Vinjector (t) 3/2 * Zcell * n (7)
This difference does not have to be zero, only a constant, but the variation needs to be minimized.
Vinjector (t) -k Vinjector (t) 3/2 * Zcell * n = constant
We do this by differentiating the difference equation (8) discussed in the previous section. This profile should and setting the result equal to zero. reasonably represent the injector voltage.
There will be injector voltage-variations, so dVijector InjectorVot (t)/dt cannot be equal to zero. Therefore, to minimize the -1 -InjV+lnducedV f variation in the difference the term, Vinjetorinduced (t), the j ----InducedVoltfor12.1ohm -result in the } of equation (10) The 60 ns waveform is composed of a portion of a sine variation for a range of impedances is given in Figure 5 . wave and an offset. The maximum amplitude is set at 2.5 Without compensation, the variation is simply the MV, sine wave amplitude was chosen to provide a variation of the injector voltage, 3%-rms. As expected, variation of 3%-rms to match the inferred variation the optimal impedance of 12. The results from this study will be incorporated into a better.
larger accelerator system-model to quantify their effect on total beam energy variations. The compensated injector voltage-variation is reduced to about 40% of the injector for four impedances is given in Table 2 . Note that the average injector voltage is lowest when compensation variation.
works best. There is no free lunch. IV. ACKNOWLEDGMENTS 
